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$\chi_{\Omega}=\{\begin{array}{l}1 (X\in\overline{\Omega}_{S})0 (X\in\Omega_{f})\end{array}$ (2)
$(\overline{\Omega}_{s})$ 1,
$(\Omega_{f})$ $0$




















$F$ $M_{x_{c}}$ $VP$ $\sigma(u, p)=$
$(\nabla u+(\nabla u)^{t})-pI$ [5].
$F = \int_{\partial\Omega_{8}}\sigma n_{f}d\gamma=\lim_{\etaarrow 0}\int_{\Omega}\frac{\chi_{\Omega}}{\eta}(u_{\eta}-u_{s})d\Omega+V_{c}\ddot{x}_{c}$ , (7)
$M_{x_{c}} = \int_{\partial\Omega_{S}}(x-x_{c})\cross\sigma n_{f}d\gamma$
$= \lim_{\etaarrow 0}\int_{\Omega}\frac{\chi_{\Omega}}{\eta}(x-x_{c})\cross(u_{\eta}-u_{s})d\Omega+I_{c}\ddot{\theta}_{c}$. (8)







1 $D$ , $\nu$ , $x$ $y$
$L_{x},$ $L_{y},$ $x$ $N_{x},y$ $N_{y}$ , $dt$ ,

































$L_{x},$ $y$ $L_{y},$ $x$ $N_{x},y$ $N_{y}$ ,
$u=1$ $c$ $t$ $\theta$ $dt=5.0\cross 10^{-4}$
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$( :12 \leq X\leq 16, x_{cg}=8.0)$
C
$( :12 \leq x\leq 16, x_{cg}=3.2)$
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A,$B,C,D$ 4




A, $B,C,D$ 8, 9, 10, 11

































aaos $4\theta\theta$ $\epsilon\epsilon\S$ 888 1098
10: $7Rx$$Ct=$
$\lambda 8{\} l\S laew_{0}1l\S \mathfrak{W}$




























































$\mathfrak{g}$ 200 486 606 808 $10B0$








$B$ $2B0$ $4B0$ $BBB$ see lBBB









$p$ $g\mathfrak{g}g$ $4\emptyset 0$ 699 see $1B09$












Azuma et al [3]
${\rm Re}=500$









[1] D.Lentink, et al., “Leading-Edge Vortices Elevate Lift of Autorotating Plant
Seeds”,Science 324(2009), 1438.
[2] D.Kolomenskiy, K.Schneider, “A Fourier spectral method for the Navier-
Stokes equations with volume penalization for moving solid obstacles,” Jour-
nal of Computatonal Physics, 228 (2009), pp. 5687-5709.
[3] A.Azuma, K.Yasuda, “Flight Performance of Rotary Seeds”,Journal of The-
orical Biology 138(1989), pp.23-53.
119
[4] LUNDBLADH, A,BERLIN, S.,SKOTE, M., HILDINGS, C. CHOI, J., KIM,
J. & HENNINGSON, D. $S$ ., An efficient spectral method for simulation of
incompressible flow over a flat plate.(1999)
[5] Angot $P$., Bruneau C.- $H$ ., Fabrie $P$., “$A$ penalization method to take into
account obstacles in incompressible viscous flows “, Numerische Mathmatik
81(1999) pp. 497-520
[6] R.B.Srygley& A. L. R. Thomas, “Unconventional lift-generating mechanisms
in free-flying butterflies”,NATURE VOL420(2002),pp. 660-640.
[7]
[8] Shizuka Minami,Akira Azuma “Various flying modes of wind-dispersal
seeds”,Journal of Theoretical Biology 225(2003), pp.1-14
[9] Yasuda,K., Azuma Akira., “The autorotation boundary in the flight of sama-
ras.”,Journal of Theoretical Biology $185(1997)$ ,pp.313-320
[10] A.Sarthou, S. Vincent, J.-P.Caltagirone, P.Angot “Eulerian-Lagrangian grid
coupling and penalty methods for the simulation of multiphase flows inter-
acting with complex objects”, International Journal ofor Numerical Methods
in Fluids 56(8)(2008), pp.1093-1099
[11] I. Rami\‘ere, P.Angot, M.Belliard, “$A$ general fictitous domain method with
immersed jumps and multilevel nested structured meshes”, Journal of Com-
putational Physics 225 (2) (2007) pp. 1347-1387
[12] E.Arquis,J.-P.Caltagirone, “Sur les conditions hydrodynamiques au voisinage
d’une interface milieu fluide-milieux poreux:application \‘a la convection na-
turelle”, Comptes Rendus de l‘Academie des Sciences Paris II 299(1984) 1-4.
120
